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TREATMENT AND PREVENTION OF RENAL DYSFUNCTION 
FIELD OF THE INVENTION 

The present Invention generally relates to the field of nephrology and 
more specifically relates to methods for treating and preventing renal 
dysfunction, including, but not limited to. acute renal failure, transplant- 
associated acute renal failure, and chronic renal failure. 

BACKGROUND OF THE INVENTION 

Renal dysfunction, including acute renal failure, transplant-associated 
acute renal failure, and chronic renal failure, remains a major, unresolved 
medical problem. For example, despite the substantial progress that has 
been made in the treatment of various renal diseases, patient mortality 
associated with acute renal failure (ARF) has remained s 50o/„. m patients 
With end stage renal disease (ESRD) and other types of chronic renal failure 
(CRF). the annual rise in the patient population is about 9%. 

ARF is defined as an acute deterioration in renal function within hours or 
days, resulting in the accumulation of toxic metabolites that are normally 
eliminated by the kidney. The most common cause of ARF is Ischemic injury 
of renal tubular and postglomerular vascular endothelial cells. The principal 
etiologies for this ischemic form of ARF include intravascular volume ' 
contraction, resulting from bleeding. thromboUc events, shock, sepsis major 
cardiovascular surgery, arterial stenoses, and others. Nephrotoxic fomis of 
ARF are caused by radiocontrast agents, and frequently used medications 
such as chemotherapeutic agents, antibiotics and cyclosporine. Patients 
most at risk for ARF Include diabetics, underlying kidney disease, the elderly 
underiying vascular disease, liver and cardiac diseases, and cancer. 

Both Ischemic and nephrototoxic forms of ARF result in death of tubular 
cells. Sublethally Injured tubular cells dedifferentiate, lose their polarity and 
express>tentLn._a.mesenchym^ 
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factor that is normally only expressed In the process of mesenchymal- 
epithelial transdifferentiaUon In the embryonic kidney. 



« 




10 



15 



20 



25 



30 



-2- 



The k,dney. even after seve« acute ins*, ha, me re,„arkable capadw 
o^9ene^.o„ a™, consequem «^teb,(*^, „r ^ ^ " 

H s mough. ma. me reganera«o„ C ,„ju,ed heph^n seg^enU is me 
msul. Of migration, proliferation and redifferentation of surviving tubular and 
-.domeilal o«„. „„^„er, me se».«gene,.„on capacity of thet^ 

the ladney 3 self^eneration capacity after severe injuiy 

.aiure TZT: 'T °' '"^P'-'—ia.ed acute renal 

^ ure (TA-ARF). often develops due to Kidney transplantation, mainly In 
parents receiving transplants ft»n cadaveric donors, aimough T/W«^" 
also occur in pa«e«« re„,v„^ , ™,3.ed donor Kidney CadCc 
donore represent about 50% of me Kidney transplants currenUy ped^Jed 

Z 17 'T^ "y^function rLuH^^t 

toss of Kidney Section and requiring treatment wim hemodialy^s until ^« 
funct^n recovere. The NsK of TA^f ,s increased with eidedy donl ■ 
mans-na^greft quality, and an extended period of «n,e between han,es.'of me 
donor Kidney fren, a cadaveric donor and it ImplanteUon into me re^ 
Known a, -cold Ischemia time-. Eariy gref, dysftmcHon due to TA^l 
-o^ long-tern, consequences. «,udmg acc«lereted grefl loss due te 
pregresslve. .rreverslbte K«3 in Kidney func«on ma, is irttlated by TAV«,F and 
an increased incidence of a«.e reiection episodes leading to primature K.^ 
Of Mney trensptent. Therefore, a need exists to p^v^ a trelent T 
prevention ofearly gref, dysfunction due to TA-ARF . "•^^'"'entor 
Chranic renal failure (CRF) is me pregressive loss of nephren. and 

tltrlr ^^^^--ofnep^rerarear 
.0 result frem a self^«q«,uating fibrofc and sderesing precess most 

prem,nen«y manifested In me renal i«eret,tium. Glome^lar. vascular a™, 

ZZT'^'', T ""^ ^ -p"* 

resulting in the eventual toss of tubular cells. 



The-loss of tabular cells and renal ftinclion, whemer occuning In a«ite 

or ^renic renal Allure. Is a seno .lea. condition that will be ZZ^ 

by me presen, inven«on. Any slowing, an«t or revereai of me de^H 
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renal function provided by ti,e present invention will be enonnously beneficial 
to the affected patients with ARF. TA-ARF. CRF. or any kidney-associated 
dysfunction. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will utilize pluripotent stem cells for the repair of 
critically damaged kidney tissues. The pluripotent stem cells'may also be 
utilized as a preventative measure, for example In patients at risk for 
developing ARF or TA-ARF or CRF. The present Invention may also utilize 
endogenous stem cells that have been mobilized with colony stimulating 
factors, cytokines, or stem cell factors to provide a source of the pluripotent 
Stem cells. 

stem cells may be utilized to repopulate dysfunctional kidneys because of 
the Plasticity- of stem cell populations. The tem, "plasticity" refers to the 
Phenotypically broad differentiation potential of cells that originate from a 
defined stem cell population. Accordingly, stem cell plasticity can include 
differentiation of stem cells derived from one organ Into cell types of another 
o^an. "Transdifferentlation- refers In the strictest sense to the ability of a fully 
differentiated cell, derived from one germinal cell layer, to differentiate into a 
cell type that is.derived from another gem^inal cell layer 

It was assumed, until recently, that stem cells during organogenesis lose 
gradually their pluripotency and thus their differentiation potential and the 
differentiation potential of somatic stem cells was restricted to cell types of the 
organ from which stem cells originated. In addition, this differentiation 
process was thought to be unidirectional and Irreversible. However, recent 
studies have,shown that somatic stem cells maintain their differentiation 
potential. For example, it was demonstrated that hematopoietic stem cells are 
able to transdifferentlate into muscle, neurons, liver, myocardial cells, and 
kidney. However. transdifferentiaUon processes under normal, steady state 
-conditions-are-extremely rarest is furth- emiore poss ib le that as yet undefined 
signals that originate from Injured and not from Intact tissue act as 
transdi'fferentlatlon signals. 

■ 
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TT.e p esen .nvention win utilize plurtpotem stem cell populations to „eat 
or pmven, ,ene, dysfunction. Non-t^nstoned. adul, sten, calls „i„ be us^ 
to repoputate Mdney cells to support .n, aug^nt the «pai, p^c^^ 
P^ients ^ renal dystUnCcn eitt^r Py intog^tlon ofsten. ceT^re 
<^ ^ and/or e^tot^eliun, o. indireCy 5y Int^enal seTet o, 
«no,rop« suMva, factors. The pluripotent sten, eel, popu.a«ons used to 
«Popul«e the dysn,nct,onal Kidney n,ay he denved ^ hen,aU,poiet.c 
n-esenchymal. Kidney, iiver, muscle, or iat ston, ceUs. Of cou,«e other cells 
and organs may provKte a source of stem cells to repopulate dysfunctional 
KKineys. AS used herein, -aduir stem celte refer, to stem cells that ^ 
embryonic in origin. The tenn -non-tr^nsfonned- as used herein rlZi 
stem cells that have not heen geneUcaliy modifled v..h exogenous 



in addition to the ptuhpotent sten, cell populations derived from 
hematopoietic mesenchymal kidney, liver, muscle, or « stem cells 
er^enous stern cel, popu,at»ns may ^ mobifeod directly from tn; resident 
organs to rep^p^iate the damaged Kidney usi,^ stem cell mohllization f.cj 
jn one embodiment of the present Imrentlon. the ptuHpoten, stem 
P<^ulat,cn « denved from hematopo.e«c stem cells. The hematopoie«c stem 
^ a« dertved from the bone marrow or peHphera. «ood. p«feraC^: 
bone manow. The hemat<^ole«c stem cells a,e l«,lated frl a donl rr the 
pauent themselves by techniques commonly Known in the art The 
hematopoietic stem cell population n«y be enriched for the pl'unpotent 
hemafopo»,o stem cells using fluorescence ac«va.ed cell sing (F^s, 
Tl» Piunpotent hematopole«c stem cells may be enriched by FACS T 

■l"rt: "T ^"'"^^ ^ and 

sca-1 cells are known to one of skill in th«* art K • 
u« ,u ® ^"^ ^ ''^'"S receptors known to 

be on t^ suri.ce of stem cells. A -lln nega«ve- cell is Known .o one 

ZT. — - ""^ -'^'^ ^""aens chaiacten^. of specif^ 

lineages and thus is more Primordial. Any method *now to oneVs^ 
art may be used to enrich the popula.K,n of piunpotent stem cells fl^ 

population of bone marrow cells. 
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Once the hematopoietic stem cells are isolated, the stem cells may be 
used to treat patients with ARF. TA-ARF, CRF, or those patients at risk for 
developing renal disease. In patients with ARF. the hematopoietic stem cell 
may be transfused Intravenously. The hematopoietic stem cells will enter the 
5 damaged kidneys via the circulation, home to the site of kidney injury and cell 

loss, undergo local differentiation into tubular cells and thereby boost the 
regeneration process that will improve kidney function. 

In patients at risk for developing TA-ARF or with established TA-ARF, 
hematopoietic stem cells from the kidnej^ donor or from the kidney recipient 

1 0 may be transfused intraoperatlvely (intravenously) into the kidney via the 

circulation and improve kidney function as described for ARF patient 
treatment above. Alternatively, the stem ceils may be transfused intrarenally. 
Hematopoietic stem cells may also be used to treat patients with CRF. using 
the methods described above for ARF treatment. 
5 another embodiment of the present invention, the population of ' 

pluripotenl stem cells may be derived from an adherent subpopulation within 
the hematopoietic stem cell population. Mesenchymal stromal stem cells are 
derived from bone marrow cells that are placed into sterile culture In vitro. 
Hematopoietic cells will not adhere to the bottom of the culture dishes, while 

20 mesenchymal stromal stem cells will adhere to the culture dish. After 

r 

discarding the non-attached cells, mesenchymal stromal stem cells will grow 
and expand In culture, yielding a well defined population of pluripotent stem 
cells. After expansion in vHro, the mesenchymal stromal stem cells may also 
be depleted for CD-45 expressing cells to remove more differentiated cells 

25 prior to administration to the patient. The mesenchymal stromal stem cells 

may be used to treat patients having ARF, TA-ARF. CRF or are at risk for 
developing renal disease. The treatment regime using mesenchymal stromal 
stem cells is the same as describe above using hematopoietic stem cells. 
Mesenchv^nalWomal stemcells may be derived from a compatible donor or 

30 the paUent. Since the mesenchymal stromal stem cells may be expanded in 

vitro, the treatment regime may be repeated in order to further augment the 
cell replacement and repair process in Uie Injured kidney. 
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The mesenchymal strbmal stem cells may also be used in addition to 
hematopoietic stem cells to treat kidney dysfunction. The mesenchymal 
stromal stems cell may be transfused prior to. post, or simultaneously with the 
hematopoietic stem cells. Various ratios of stem cell populations may be 
used for treatment. 

In another embodiment of the present invention, the population of 
pluripotent stem cells may be derived from non-hematopoietic sources such 
as the kidney or other tissue sources, such as the liver, muscle, or fat. or any 
tissue suitable as a source of pluripotent stem cellk. The non^iematopoietic 
stem cells may be enriched in vitro and then administered to the patient as 
described above for the hematopoietic stem cells. The non-hematopoietlc 
stem cells may be used to treat patients having ARF. TA-ARF. CRF or are at 
risk for developing renal disease. 

In another embodiment of the present invention, the patienf s own stem 
cells may be used to treat kidney dysfunction by mobilizing endogenous stem 
cells. The stem cells may be mobilized with granulocyte-colony stimulating 
actor (G-CSF). and/or stem cell factor (SCF). or any stem cell mobilization 
factor known to one skilled in the art. G-CSF and SCF treatment results in the 
mobilization and transfer of hematopoietic and non-hematopoietic stem cells 
mto the circulating blood. Thus, the blood that perfuses the kidneys is 
enriched with stem cells that are immediately available to replace kidney 
tubular cells that are damaged by subsequent insults such as surgery 
administration of kidney damaging drugs and agents. 

In certain embodiments, a ttierapeutically effective dose of stem cells 
and/or a therapeutically effective dose of G-CSF or SCF are delivered to the 
patient. An effective, dose for treatment will be detemilned by the body weight 
of tiie patient receiving treatment. A ttierapeutic dose may be one or more 
administrations of the therapy. 

Delivery of the stem cells may be by endogenous mobilfe« f»nn of the stem- 
cells, or by injection or Instillation of the stem cells into ttie patient. Stem cells 
may be injected or Instilled directly into tfie kidney or alternatively the stem 
cells may be Injected intravenously or intraperitoneally 
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EXAMPLES 



Example 1 ^ 
Establishment of a Mouse Model of Ischemic ARF 

The kidneys of FVB mice were su^eoted to vanous ischemia times by 

clan,p,„g Of both renal pedicles. Resulting severity o, ARF and sun*«l rates 
were monitored. Two models were Identified to be used In further examples 

discussed "elow. A model of severe ARF may be established usino 60 
nmnutes of bilateral renal ischemia. The 60 minute bilateral r^nal Uchemic 
t^ttnent resulted In a mortality of 50% « 72 hre post reflow and a glomerular 
tiltrat™ rate of < 5% of nonnal. Histological examinaUon o, the severe ARF 
mode, Shows wide spread tubular necrosis and severe vascular congeston In 
the co^comeduilary iu™»lon. A moderate ARF model may be established 
usrng 55 minutes of bilateral renal ischemia. The moderete ARF model 
exhibits a serum creatinine tevel of about 1.5 mg/dL and a mortality of < 10%. 

Example 2 

dammnl^lrr'^ '"^ ^^>^' mice by Hmed 

damping of both renal pedicles. Renal function will be monitored by 

measurement of senrm creatinine levels. Prior to induction of ARF a 

subgroup of mice will be treated with Cytoxan, followed by G^F untH 

(«dpheralHSCnumbers.assessedbycolonyassay.a,*maximaliy 
increased. At th,', time. ARF will be Induced and outcome over time is 

r T ^ " '^"^ '^^ '^^ ^ A^^,. ammals 

injury scores, infl ammatory cell inBltrates). Sham opeialed mice and 

ImrlTTT" '^"^ as controls ,or renal funoUon and the 

impact of simultaneously induced gienulocytosls. respectively 
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Example 3 

Characterize Homing Signals and Mechanisms for Leukocytes and Stem 

Cells in the Kidney with ARF 

5 The kidneys and HSC/MSC from the animals studied In Example 2 will 

be examined for SDF-1 and CXCR4 expression using in situ hybridization and 
real time RT-PCR, respectively. The importance of the chemoklne SDF-1 and 
its recJeptor CXCR4 in mediating chemokinesis of HSC/MSC will be further 
investigated In vitro using transwell migration assays and in experiments with 
10 neutralizing anti-SDF-1 antibodies. 

Determinations will be made whether the Injured tubular or endothelial 
cells in ARF expresses SDF-1, and whether mobilized stem cells express 
CXCR4. This determination will provide for a system for mediation of homing 
of CXCR4-expressing stem cells towards the sites of nephron and vascular • 
injury. Homing efficiency of the HSC will be optimized to improve the 
renoprotective stem cell therapies. 



Example 4 

Detennine the Effect of HSC Therapy on the Outcome of ARF in Mice 

In order to determine whether HSC home into the kidney in ARF. and 
whether they transdifferentiate. Integrate and act renoprotectively, genetically 
mari<ed..phenotyped cells will be exogenously administered and traced in the 
kidney of mice with ARF. HSC will be obtained from the femurs of eGFP 
transgenic FV8 mice that express enhanced green fluorescent protein 
(eGFP+ HSC). The eGFP+ HSC will be enriched by FACS sorting (c-kit. sca- 
1, lin negative), and administered Intravenously to wild type mice with ARF as 
described in Example 2 above. Appropriate controls will be included. At 
defined time points following induction of ARF. eGFP+ HSC will be 
administered and kidneys from experimental and control mice will be 
examined in order to assess wheleeGFP^IIs are located and whether they" 
have transdifferentiated into renal tubular or endothelial cells, respectively. 
Renal funcOon and histology is examined as above and for direct tissue 
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evidence of transdifferenUation and Integration of eGFP+ celts into tubular or 
vascular endothelial sites at which ARF caused cell injury and loss The 
paracrine potential of HSC and MSC. see example. 5. to produce, deliver and 
release renoprotectlve growth factors In situ such as HGF. EGF. IGF-I etc 
5 will be tested in in vitro studies using ELISA assays and RT-PCR. 

Examples 

Determine the Effect of MSC Therapy on Outcome of ARF in Mice 

'0 MSCs originate, like the kidneys, from the mesoderm and have been 

shown to transdifferentiate into numerous cell types. MSC from eGFP 
^ transgenic FVB mice will be utilized. The eGFP+ MSC will be isolated from 

harvested bone marrow based on their characteristic and selective 
attachment to the culture dish. A functional MSC culture system will be 

5 established that provides for well maintained eGFP expressing MSCs at later 

passages. Cultured eGFP* MSC will be administered to wild type mice with 
ARF. as described in Example 4 and outcome and tissue analyses will be 
perfomied as above. The results will be analyzed to determine the MSC 
renoproteclive effects as compared to the HSC renoprotectlve effects The 
results may suggest that co-administration of HSC and MSC may be most 
beneficial, since these cells depend on each other for effecUve hematopolesis 
The paracrine potential of MSC to produce, deliver and release renoprotectlve 
growth factors In situ Including HGF. EGF. IGF-I. etc. will be tested in in vitro 
studies using ELiSA assays and RT-PCR. 

^ Example 6 

Assess the Effect of MSC Therapy the Function of Renovascular 

Endothelial Cells In ARF 

The kidney is a highly perfused organ, receiving 20% of the cardiac 
out put, and the com p.lexity_of.the.intrarenal-cirGUlatien facilitates the 

M ^ ^ mm » m ^ ^ * 



processes of filtration and tubular transport. It Is now recognized tiiat vascular 
endothelial cell dysfunction and death are important determinants of loss of 
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renal function in ARF. The bone marrow contains endothelial precursor cells 
(CEP, circulating endothelial precursors), that can be mobilized into the 
peripheral circulation, from where they can contribute to wound healing or 
participate in tumor angiogenesis. Both bone man-ow-derived stem cells 
types. HSC and MSG, are able to transdiffer^ntiate into endothelial cells. The 
effect of MSG will be targeted, after transdifferentiatlon into endothelial cells, 
or c-kit+WEGFR2+ hematopoietic cells, from eGFP transgenic mice, on the 
course of ARF. The ceil type that will be assessed in these experiments is the 
postglomerular vascular endothelial cell that is injured in ARF. 

MSG and c-kit+/VEGFR2+ hematopoietic cells from eGFP transgenic 
mice (CEP) will be subjected to various transdifferentiation protocols in vitro 
with the goal of obtaining endothelial cells, phenotypically confimied by 
appropriate endothelial cell markers. Cells will then be administered to mice 
with ARF as in the preceding protocols (Examples 4 and 5) and their Impact 
1 5 on the course of ARF will be monitored as above. Kidney tissues will be 

examined for location of administered stem cells and vascular integration. 

Example 7 

Examine the In Vitro Transdifferentiation of MSG into Renal Tubular and' 
20 Endothelial Cells 

Spontaneous transdifferentiation of MSC generally does not occur. 
Treatment of MSC cultures with specific factors results in their 
transdifferentiation Into adipocytes, osteocytes, chondrocytes and other cell 
types. Differentiation factors will be identified that result in transdifferentiation 
25 of MSC into tubular ceHs. The kidney is of mesodemial origin and during 

embryonal hephrogenesis ureteric bud cells induce a mesenchymal-epithelial 
transdifferentiation in the metanephric mesenchyme. This process is 
influenced by several growth factors (HGF, EGF, LIF. TGF alpha, FGF2) that 
SJ(hibJUedundancy_and js-critical-to-overall-nephrogenesis,-since failure of 



induction of the metanephric mesenchyme results In its apoptosis, and since 
the mesenchyme, on the other hand, induces the ureteric bud to undergo 
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branching morphogenesis which results in collecting duct formation. MSCs 
will be examined to determine the ability of the MSCs to transdifferentlate into 
tubular epithelial cells. 

Cell culture systems will be utilized for MSG culture, Including collagen 
5 (I or IV) culture; 3-D culture, co-culture with embryonic somites. The capacity 

of various differentiation and growth factors to induce the transdifferentiation 
of MSC into renal progenitor cells will be examined. Pax-2 will be used as an 
initial marker of tubular cell induction, since it is a kidney specific transcription 
factor that is expressed in the embryonic kidney, and tiiat, importantiy. is re- 
1 0 expressed in proximal tubular cells that are Injured in ARF. 

The In vitro system for induction of MSC into tubular cells will then be 
used for further analysis of molecular mediator signals and their utility for pre- 
differentiatlon of MSC that may be subsequently tested in ARF treatment 
protocols. 

Examples 

Analyze In Vivo Transdifferentiation and Integration of Intrarenally Injected 
MSC (Subcapsular, Cortical Interstotium) and HSC in Intact and ARF 
Kidneys in Mice 

HSC and MSC from eGFP tiansgenlc mice will be injected 
(subcapsular or in midcortex) into nomial and ARF kidneys of wild type mice. 
Their potential transdifferentiation and integration into tubular and vascular 
structures will be analyzed histologically, usirig appropriate differentiation 
markers as above. The data from these in vivo studies will determine whether 
25 MSC and/or HSC are able to transdifferentiate in vivo into specific renal cell 

types and the location of the Injected cells. The influence of preexisting Injury 
due to ARF on these processes will be assessed. 



Example 9 

Analyze-the-Effeet-HSG on Kidney Allograft Function 



The effect of HSC. MSC and/or stem cell mobilization treatment on 
short- and long- temi kidney allograft function will be analyzed. Kidney 
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transplantation will be perfonmed using a two-step rat model. The donor will 
be a Fisher 344, male rat. transgenic for human placental alkaline 
phosphatase. The recipient will be a compatible Fisher 344 female wild type 
rat or an incompatible Lewis female wild type rat. Studies will be perfomied 
as described above using the kidney allograft rat model. 

Although the invention herein has been described in connection with 
preferred embodiments thereof, it will be appreciated by those skilled In the 
art that addition, modifications, substitutions, and deletions not specifically 
described may be made without departing fronri the spirit and scope of the 
Invention as defined in the appended claims, and all embodiments that come 
within the meaning of the claims, either literally or by equivalence, are 
intended to be embraced therein. 
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CLAIMS 

1 . A method of treating kidney dysfunction comprising delivering a 

therapeutic amount of non-transformed adult stem c^lls to a patient In need 
thereof. 

2. The method of claim 1 wherein said adult stem cells comprise 
hematopoietic stem cells , 

3. The method of claim 1 wherein said adult stem cells comprise 
mesenchymal stromal stem cells. 

4. The method of claim 1 wherein said adult stem cells comprise non. 
hematopoietic pluripotent stem cells. 

5. The method of claim 4 wherein said non-hematopoietic pluripotent 
stem cells comprise kidney derived pluripotent stem cells: 

6. A method of treating kidney dysfunction comprising delivering a 
therapeutic amount of a stimulant of adult stem cell mobilization to a patient in 
need thereof; 

wherein the stimulant mobilizes adult stem cells to the kidney. 



